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ULTRASPECTROSCOPIC STUDIES ON BLOOD 

SERUM 

I. THE ANTAGONISTIC ACTION OF SALT IN BLOOD SERUM 

T. Tadokoro 

From the Kent Chemical Laboratory, University of Chicago 

Spectroscopic studies of colloidal solutions have been made by 
several investigators in the last ten years, but the experimental data 
have not been sufficient to show the real value of the application of 
the spectroscope in this field. 

Zsigmondy and Ostwald 1 explained that the absorption band of any 
colloidal solution moves to the shorter wave length with increasing 
dispersion. The optical character of the colloidal solution depends not 
only on the material and degree of dispersion, but also on the form 
and surface of the particles. 

Svedberg 2 who studied the relation of colloidal and molecular solu- 
tion in gold, selenium, indigo, anilin blue, indophenol and azobenzol 
states that if the absorption of light of a very disperse colloidal solu- 
tion is quite similar to that of the molecular solution of the same 
substance, it is conceivable that the discrete particles of the colloidal 
solution are molecules. 

K. Voit 3 studied the color and degree of dispersion of colloidal 
suspensions and emulsions and found that the color depends on the 
degree of disperson in colloidal solution of suspensoid character and 
is independent of the degree of dispersion in emulsoid solution. 

J. Lifschitz 4 states that the light absorption of colloidal solution 
depends on five factors: 1. The chemical nature of the dispersion 
phase; 2. its concentration; 3. the degree of dispersion; 4. the form 
of the particles ; 5. the inner structure and the character of the surface 
of particles. As the light absorption of colloidal solutions is governed 
by many physicochemical factors, it is almost impossible to determine 
the effect of single physicochemical factors on light absorption. But 
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1 Zur Erkenntniss der Kolloide, 1905, p. 112; Koll. chem., Bei'.r. 3, 1910, 2, p. 409; 
Grundriss der Kolloidchemie, 1909, p. 222. 

2 Die Existenz der Molekule, 1912. 

3 Koll. Ztschr., 1914, 15, p. 84. 

4 Koll. Ztschr., 1918, 22, p. 53. 
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in the comparative study of two colloidal solutions of the same nature 
and the same concentration, it is not difficult to determine changes 
in the degree of dispersion and in the inner and outer structure of the 
particles. Changes in the colloidal state, which are governed by many 
physicochemical factors, may occur in many different ways, because 
the colloidal state may be changed in all cases by qualitative and 
quantitative combinations of these factors. 

On account of the great differences between all organic colloidal 
solutions of different origin, it is possible to identify the natural organic 
colloidal solutions of the same origin. 




Fig. 1. — CaCl 2 and NaCl solutions. 

If we compare the results of ultraspectroscopic investigations of 
colloidal solutions with the results using the ultramicroscope which 
investigates only the qualitative characteristics of the particles of the 
colloidal solution, we shall see that the former investigations have 
greater significance than the latter. 

Last year I 5 studied the ' antagonistic action of salt in organic 
colloidal solutions, i.e., eggwhite, milk, plant juice and blood serum, 

5 Tokyo Chem. Jour., 1918. 
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and observed that the diffusion of an ion of one salt through the 
colloidal solution was antagonized by the presence of another salt of 
different ion. Now I intend to show the change in the colloidal state 
of serum by using an ultraspectroscope (1.D.15. London) during the 
antagonistic action of salt. In these experiments I used a hydrogen 
tube with a capillary 5 cm. long which was filled with hydrogen at 
8 mm. pressure. For the illumination of the hydrogen lamp an alter- 

TABLE 1 

The Antagonistic Action Between CaCl2 and NaCl Solution (Fig. 1). 





Quantity and Concentration of Goat Serum 
and Salt Solution 


Wave Length 

of 

Boundary 

Line of 
Absorption 

Band in 
Millimikrons 


1 


Hydrogen lamp control + H2O only 


2,150 


2 


8.0 e c 1:5 dilution of original serum -k2 c c H2O 


3,072 


3 


8.0 c c 1:5 dilution + 0.1 c c % normal CaCk + 1.9 c c H26 


3,072 


4 


8.0 c c 1:5 dilution 4- 0.2 c c % normal CaCk + 1.8 c c H2O 


3,085 


5 


8.0 cc 1:5 dilution + 0.3cc*& normal CaCl2 + 1.7 cc H2O 


3,000 


6 


8.0 c c 1:5 dilution + 0.4 c c % normal CaCk -f 1.6 c c H2O 


3,125 


7 


8.0 cc 1:5 dilution + 0.5 cc % normal CaCl2 + I.5CCH2O 


8,140 


8 


8.0 cc 1:5 dilution 0.5 cc % normal CaCk + 0.25 cc normal NaCl + 
1.25 c c H2O 


3,085 


9 


S.O cc 1:5 dilution 0.5 cc Vz normal CaCk + 0.5 cc normal NaCl + 
1.0 c c H2O 


3,065 


10 


8.0 cc 1:5 dilution 0.5 cc ^ normal CaCk + 0.75 cc normal NaCl + 
0.75 c c H2O 


3,065 


11 


8.0 cc 1:5 dilution 0.5 cc % normal CaCk + 1.0 cc normal NaCl + 
0.5 c c H2O 


3,050 


12 


8.0 cc 1:5 dilution 0.5 cc % normal CaCk + 1.5 cc normal NaCl + 
0.5 c c H2O 


3,035 


13 


8.0 c c H2O -f 0.5 c c yz normal CaCk + 1.5 c c normal NaCl 


2,165 









TABLE 2 

The Antagonistic Action Between ZNSO4 and CaCl 2 Solution 



Quantity and Concentration of Babbit Serum 
and Salt Solution (Fig. 2) 



Wave Length 

of 

Boundary 

Line of 
Absorption 

Band in 
Millimikrons 



9 
10 
11 
12 



Hydrogen lamp control + H2O only 

8.0 c c 1:8 dilution of original serum + 2.0cc H2O 

8.0 c c 1:8 dilution + 0.1 c c 1/50 normal ZnSO* + 1.9 c c H2O 

8.0 c c 1:8 dilution + 0.2 c c 1/50 normal ZnSO* + 1.8 c c H2O 

8.0 c c 1:8 dilution + 0.25 c c 1/50 normal ZnSO* + 1.75 c c H2O 

8.0 c c 1:8 dilution + 0.5 c c 1/50 normal ZnSO* + 1.5 c c H2O 

8.0 c c 1:8 dilution + 0.5 c c 1/50 normal ZnSO* + 0.5 c c Vz normal CaCk + 

1.0 c c H2O 

8.0 c c 1:8 dilution -f 0.5 c c 1/50 normal ZnSO* + 1.0cc% normal CaCk + 

0.5 c c H2O 

8.0 c c 1:8 dilution + 0.5 c c 1/50 normal ZnSO* + 2.5 c c % normal CaCk.. . . 
8.0 c c 1:8 dilution + 0.5 c c 1/50 normal ZnSO* + 2.5 c c Vz normal CaCk.. . . 
8.0 c c 1:8 dilution + 0.5 c c 1/50 normal ZnSO* + 3.0 c c % normal CaCk.. . , 
8.0 c c H2O -f 0.5 c c 1/50 normal ZnSO* + 3.0 c c % normal CaCk 



2,100 
2,950 
2,995 
3,050 
3,310 
2,985 

2,960 

2,960 
2,951 
2,950 
2,945 
2,135 




Fig. 2. — Z11S04 and CaCl 2 solutions. 




Fig. 3. — ZnSo 4 and NaCl solutions. 
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nating current of 220 volts was used and in the circuits was placed an 
induction coil and a resistance box to get 1,100 volts in the secondary 
circuit with a current of 4 amperes in the primary. A quartz cell 
12 mm. thick was filled with a mixture of serum and salt solutions. 
All photographs were taken with 7 minute exposures using an Eastman 
panchromatic dry plate. The results are given in the tables and 
photographs. 

TABLE 3 

The Antagonistic Action Between ZnSO* and NaCl 2 Solution (Fig. 3) 



Quantity and Concentration of Rabbit Serum 
and Salt Solution 



Wave Length 

of 

Boundary 

Line of 
Absorption 

Band in 
Millimikrons 



8 

9 

10 

11 

12 



Hydrogen lamp control + H2O only 

8.0 c c 1:8 dilution of original serum + 2.0 c c H2O 

8.0 c c 1:8 dilution + 0.5 c c 1/50 normal ZnSO* + 1.5 c c H2O 

8.0 c c 1:8 dilution + 0.75 c c 1/50 normal ZnSO* + 1.25 c c H2O 

8.0 c c 1:8 dilution + 1.0 c c 1/50 normal ZnS04 + 1.0 c c H2O. 

8.0 c c 1:8 dilution + 1.0 c c 1/50 normal ZnSO* + 0.5 c c normal NaCl + 

0.5 c c H2O 

8.0 c c 1:8 dilution + 1.0 c e 1/50 normal ZnSO* + 0.5 c c normal NaCl + 

0.25 C C H2O 

8.0 c c 1:8 dilution + 1.0 c c 1/50 normal ZnSOi + 1.0 c c normal NaCl 

8.0 c c 1:8 dilution + 1.0 c c 1/50 normal ZnSO* + 1.0 c c normal NaCl 

8.0 c c 1:8 dilution + 1.0 c c 1/50 normal ZnSO* + 1.5 c c normal NaCl 

8.0 c c 1:8 dilution + 1.0 c c 1/50 normal ZnSO* + 2.0 c c normal NaCl 

8.0 c c H2O + 1.0 c c 1/50 normal ZnSO* + 2.0 c c normal NaCl 



2,100 
2,941 
2,950 
2,975 
3,350 

3,605 

3,125 
3,045 
2,985 
2,945 
2,940 
2,135 



From these experiments we see that the following salts act antag- 
onistically toward each other: CaCl 2 and NaCl, ZnS0 4 and CaC^ 
or ZnS0 4 and NaCl; that is the change in state of a colloidal serum 
produced by one salt was reversed by the other salt. This change 
must depend on the dispersion, the form or the structure of the 
particles, because in our experiments we used the same serum of the 
same concentration. 

In order to explain this phenomenon the changes were observed 
under an ultramicroscope and the following results were obtained 
(Figs. 4 and 5) : 

1. The dilute serum showed mikrons which had Brownian move- 
ment. 

2. If the serum was mixed with ZnS0 4 or CaCl 2 , its particles 
formed aggregates and became heterogeneous and their movements 
stopped. 




Fig. 4. — Serum plus ZnSo* 




Fig. 5. — Serum plus ZnSo 4 with addition of NaCl solution. 
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3. If a serum containing ZnS0 4 or CaCl 2 was treated with CaCl 2 
or NaCl, the aggregated particles became free and homogeneous as 
in the original serum. 

SUMMARY 

From the results I conclude that the antagonistic action of two 
salts on blood serum is caused by a reversal of the dispersion of the 
serum and of the change of the form and structure of particles. 



